INTRODUCTION
The F-Ba (Zn-Pb) district of Asturias, northern Spain, has produced more than 15 Mt of ore since the 1970s. The deposits share the mineralogical and geochemical characteristics of Mississippi Valley-type (MVT) ores and they have many similarities with other Mesozoic F-Ba (Zn-Pb) mineral deposits in Europe, such as the Massif Central, the North Pennine Orefield and the Southwest England (Sanchez et al., 2009) .
The origin of fluorine in the mineralizing fluids re mains an unresolved question. According to Garcfa Iglesias and Loredo (1994) the local Permian volcanic rocks are enriched in fluorine and could have been a source of fluorine in the mineralizing fluids. The age of the Villabona deposit (185 ± 28 Ma; Sanchez et al., 2009) is consistent with a regional Early Jurassic hydrothermal event that appears to be coincident with the opening of the North Atlantic Ocean. Ore fluids that penetrated to mid-crust depths during extension and acquired fluorine from the contemporaneous alkaline volcanic and plutonic rocks would be expected to have an elevated 3He/4He raHo. A primary aim of this study is to evaluate evidence for mantle-derived related to alkaline igneous activity within the fluorite-rich Mississippi Valley-type deposit in Asturias.
The 3Hel'He of crustal helium is typically 0.01-0.05 R, (where R, is the atmosphere value of 1.386 x 10-6). This is lower by several orders of magnitude than mantle-derived helium, which ranges from 5 R, up to 50 R, (Stuart et al., 2003) . Thus the helium isotope compo sition of hydrothermal fluids trapped in minerals, allows the contribution of mantle and crust-derived volatiles in the mineralizing fluids to be quantified (e.g., Stuart and Turner, 1992; Burnard and Polya, 2004; Yamamoto et al., 2001) . Furthermore, helium isotopes are intimately linked to heat; both 4He and heat are produced by decay of U and Th and their daughter isotopes in crustal rocks. Con sequently, the flux of mantle-derived 3He is coupled to mantle heat flow and is elevated in crustal fluids from regions undergoing extensional tectonics (O'Nions and Oxburgh, 1983) . Thus, helium isotopes in fluids have the potential to acts a tracer of past tectonic setting, and can be used to quantify the heat source in hydrothermal sys tems (e.g., Burnard and Polya, 2004) . Here we present the helium isotopic composition of hydrothermal fluids trapped in fluorite and sulphides from the Asturias F-Ba (Zn-Pb) mineralization. The scope of this study was to evaluate the source of the volatiles, and heat, in the min eralizing fluids. • Precambrian rocks 
ASTURIAS MINERALISATION
The Asturias Ba-Zn-Pb mineralization is exposed at three main mineralized districts; Berbes, La Collada and Villabona ( 
HELIUM MEASUREMENTS
Helium isotopes have been measured in fluid inclu sions in 6 sulphides (5 pyrites and 1 galena) and 6 fluorite samples at the noble gas laboratory at SUERC, Scotland.
The samples have been collected from stratabound min eralization of the main districts. Mineral separates were ultrasonically cleaned in deionized water, then in acetone prior to loading approximately 1 g of each into a 10-sample hydraulic, ultra-high-vacuum crushing apparatus.
The crush-released gases were initially exposed to liquid nitrogen-cooled (77°K) metal in order to remove the wa ter. The remaining active gases were removed by expo sure to two Zr-AI getters at 300°C and the residual heavy rare gases were adsorbed onto a second nitrogen-cooled charcoal trap. A cold GP50 Zr-AI getter and a third liq uid nitrogen-cooled charcoal trap was employed to mini mize the partial pressure of residual gases during analy sis. Helium isotopes were determined using a MAP 215-50 mass spectrometer using procedures similar to those of Stuart et al. (2003) . In this study 4He was measured on a Faraday detector. Blank levels never exceeded 0.1 % of sample levels and no blank correction was applied. The 3He signal was measured on Burle channeltron electron multiplier in pulse counting mode; resolution was suffi cient to separate the 3He peak from the nearby HD-3H
peak. Blank levels of the crushing procedure were ex tremely low; approximately 0.1 count/second. This con- 
RESULTS AND DISCUSSION
The 3He/4He ratios from the Asturias deposits range from 0.021 ± 0.016 Ra to 0.114 ± 0.09 Ra in pyrite, from 0.018 ± 0.014 Ra to 0.024 ± 0.018 Ra in fluorite (Table 1 ; (Fig. 2 ) that released significantly more 4He (3.6
x 10-7 cm3g-1) than the fluorite and pyrites, and is char acterized by a significantly lower 3He/4He (0.002 ± 0.001 Ra). This 3He/4He is typical of radiogenic 4He produced in Li-poor minerals (e.g., Ballentine and Burnard, 2002) and it may reflect a contribution of post-crystallization radiogenic He.
The fluorite 3He/4He ratios are slightly lower than, 
